Kefir is a sour, viscous, slightly carbonated and alcoholic milk beverage, which is traditionally fermented using a culture of bacteria and yeasts. The influence of kefir on health has been well studied in mice and rats. However, research on kefir use in ruminants is rather limited. The aim of this study was to investigate the effect of kefir as a probiotic on the performance of goat kids during the pre-(45 days) and post-weaning (45 days) periods. Forty eight kids were randomly allocated to four treatment groups: Control, Kefir, Auto-Kefir (autoclaved) and Probiotic (a commercial probiotic). The kids were weaned at 45 days of age. The supplementation of different probiotics did not have any significant effect throughout the study on live weight and weight gain of the kids as compared to the Control group. Milk intake or milk-based nutrient intake of kids did not differ significantly among treatments in the pre-weaning period. Similarly, the intake of concentrate feed and nutrients from the concentrate was not affected by the treatments during postweaning. No significant differences in faecal consistency of kids were found among the treatments. The results of the study indicated that supplementation of kefir as a natural probiotic or a commercial probiotic source does not improve performance of goat kids under the conditions in the present study and suggest that new approaches are required for studying the efficacy of this probiotic.
Introduction
Most of the changes in microbial composition and population in the digestive tract can lead to health and performance problems in animals (Jonsson, 1985) . Probiotics are defined as dietary supplements containing potentially beneficial bacteria and yeast, which are believed to provide health benefits to the host (Fuller, 1989) . In addition to commercial probiotic products, which differ in microbial composition and are produced on industrial scale, there are natural products which are also regarded as probiotic sources, such as curds (Anandan et al., 1999) , yoghurt and kefir (Farnworth, 2005) . Kefir is a sour, viscous, slightly carbonated and alcoholic dairy beverage with bioactive components such as peptides and exopolysaccharides. It is produced from the fermentation of milk through the actions of bacteria and yeast present in kefir grains, and is less known than yoghurt (Farnworth, 2005) .
The microbial and chemical properties of kefir can be affected by various factors such as starter culture and fermentation conditions (Wszolek et al., 2001) . The study by Santos et al. (2003) with 58 strains of Lactobacillus spp. isolated from kefir revealed that L. acidophilus CYC 10051 and L. kefiranofaciens CYC 10058 possess the best probiotic properties. The beneficial effects of probiotics on the intestinal ecosystem are claimed to be related with their influence on intestinal microorganisms. Ota (1999) reported that kefir induces the colonization of Bifidobacterium bifidum and lactic acid bacteria in the intestines, thereby protecting humans against infections caused by pathogens, such as E. coli O-157.
Kefir also contains bioactive compounds such as peptides and exopolysaccharides. Farnworth (2005) pointed out that kefir and its bioactive compounds have crucial effects not only on digestion but also on metabolism and the immune system. Due to health benefits, kefir is nowadays produced on an industrial scale for use by humans.
The effects of kefir on human health have been investigated mainly in animal trials; mice and rats being used in most of the studies (Çevikbaş et al., 1994; Thoreux & Schucker, 2001) . As far as our knowledge is concerned, the only study on the potential of kefir in ruminants has been carried out by Daş et al. (2007) , who demonstrated that supplementation of kefir shortly after weaning reduces coccidial oocyst 7 cfu/kg), L. rhamnosus (2.06x10 7 cfu/kg), Bifidobacterium bifidum (2.00x10 7 cfu/kg), Streptococcus salivarius (4.10x10 7 cfu/kg), S. facium (5.90x10 7 cfu/kg), Aspergillus oryza (5.32x10 7 cfu/kg) and Candida pintolopesii (5.32x10 7 cfu/kg), with lactose as the carrier compound. During the pre-weaning stage five grams of the probiotic was resuspended in 20 mL distilled water and given daily in the same way as the other supplements. In the post-weaning period the amount of the probiotic was increased to 10 grams in 40 mL distilled water per kid daily.
The study was carried out for 103 days, which included 13 days for the introduction of the kids to their respective treatments. Each kid was weaned at 45 days of age. During the suckling period the kids were allowed to stay with their mothers for 90 min (45 min, morning/evening) in the first five weeks of the study, and for 45 min (morning) during the last week of the pre-weaning period. Throughout the study a grower concentrate in pelleted form (886.2 g DM/kg; 201.1 g CP/kg DM; 11.80 MJ ME/kg DM) and lucerne hay (911.0 g DM/kg; 199.0 g CP kg/DM; 10.05 MJ ME/kg DM) were offered to the kids ad libitum.
Individual intakes of the grower concentrate were recorded, but due to high spillage, the intake of lucerne hay could not be recorded. Daily individual intakes of the grower concentrate and nutrients in the grower concentrate were determined during pre-and post-weaning periods. In addition, daily milk intakes by kids were recorded once a week during the suckling period by measuring the difference in weight of a kid before and after suckling (Ayışığı et al., 2005) . Daily individual milk intakes and milk nutrient composition were used in the prediction of the nutrient intake that the kids received from the milk. On the test days during the suckling period, the analysis for dry matter, solids-not-fat, fat, protein and lactose of the milk samples was carried out using an auto-analyzer (LACTOSCAN ® Milk Analyzer). In the calculation of the energy content of the milk samples, the following equation: S E (MJ/kg) = (0.41 × fat% + 1.5), was used (GfE, 2003) . Individual water intakes of kids were also recorded daily. The chemical composition of feeds was determined using analytical methods described by the AOAC (1990).
Faeces were observed daily and consistency was scored by using a faecal consistency scaling system ranging from 1 to 4 (1 = watery; 2 = runny; 3 = soft; 4 = normal; Ayışığı et al., 2005) . In the statistical analysis of data of all the traits except for faecal consistency, treatment (Control, Kefir, Auto-Kefir or Probiotic), sex (male or female), birth type (single or twin), age (covariant) and interactions were used as fixed factors in a repeated measurement variance analysis. The Generalized Estimating Equations Logistic Regression Method, which took all the factors and interactions into account, was used to analyze diarrhoea scores. All the analyses were carried out in the SAS (1999) Package Programme. 
Results
Live weights on a weekly basis are presented in Figure 1 . The treatments had no significant effects on live weight or live weight gain of kids in pre-and post-weaning periods of the study (Figure 1 ). Live weight was significantly affected by sex (P = 0.002) and age (P = 0.001), whereas live weight gain was affected by sex (P = 0.006), birth type (P = 0.001) and age (P = 0.001) in the pre-weaning period. In this regard, male and single kids were heavier than others in terms of live weight. Weaning live weight values at 45 days of age were 9.3 ± 0.42, 9.1 ± 0.48, 9.4 ± 0.48 and 9.0 ± 0.48 kg for Control, Kefir, Auto-Kefir and Probiotic groups, respectively (P = 0.897). No effect of factors or interactions except for sex (P = 0.019) and birth type (P = 0.025) on weaning weight was recorded (P >0.05). At weaning the male kids (9.8 ± 0.41 kg) were heavier than the females (8.6 ± 0.34 kg). Likewise, weights of the single kids at weaning (9.8 ± 0.41 kg) were higher than those of the individual twins (8.7 ± 0.24 kg). In the post-weaning period, live weight was not affected by any of the factors or interactions (P >0.05) except for age (P = 0.001). On the other hand, live weight gain was significantly affected by age (P = 0.001) and group x birth type interaction (P = 0.006). The analysis of milk samples on test days indicated that kids in all treatment groups received milk with a similar chemical composition and energy content. Overall fat and energy content of milk were 4.07 ± 0.82% and 3.17 ± 0.33 MJ, 4.35 ± 0.74% and 3.29 ± 0.30 MJ, 4.26 ± 0.55 % and 3.24 ± 0.22 MJ and 4.11 ± 0.90% and 3.18 ± 0.37 MJ in the Control, Kefir, Auto-Kefir and Probiotic groups, respectively. Daily milk intake of kids was not affected by the treatments (P = 0.864). The highest daily milk intake (1.36 ± 0.089 kg) was found in the Auto-Kefir treatment (Table 1) . Sex (P = 0.094) and birth type (P = 0.051) did not have any significant effect on milk intake. Daily intakes of milk by female and male kids were 1.23 ± 0.063 and 1.38 ± 0.060 kg, respectively. Age (P = 0.040) but not interactions among factors (P >0.05) had a significant effect on milk intake.
In the pre-weaning period of the present study the kids in all treatment groups took in negligible amounts of the concentrate (Figure 2) . The highest daily concentrate feed intakes were 0.026, 0.019, 0.026 and 0.033 kg/kid for the Control, Kefir, Auto-Kefir and Probiotic groups, respectively. Lucerne hay intakes
were not taken into account in calculations of daily nutrient intakes of the kids owing to the high spillage of the hay. Similarly, calculations on daily nutrient intakes of kids during pre-weaning period were based on daily milk intakes of kids. After weaning daily concentrate feed intakes of the kids started to increase in all treatment groups (Figure 2 ), but were not affected by treatments (P = 0.843). Furthermore, concentrate feed intake was not affected by factors such as sex or birth type or interactions (P >0.05) except for age (P = 0.001). Average intakes were 0.194 ± 0.025 and 0.245 ± 0.033 kg for female and male kids and 0.208 ± 0.030 and 0.232 ± 0.029 kg for single and twin kids, respectively.
Mean daily water intakes of the kids were 1.36 ± 0.144, 1.22 ± 0.127, 1.42 ± 0.126 and 1.28 ± 0.125 L for the Control, Kefir, Auto-Kefir and Probiotic groups, respectively. Treatments did not significantly affect water intakes (P = 0.707). Similarly, no effects of other factors or interactions (P >0.05) were recorded on water intake except for age (P = 0.001).
In the present study, the incidence of watery and runny faeces was quite low in all treatment groups (Table 2) . Faecal consistency was not affected by the treatments (P = 0.445). Faecal consistency values were significantly affected by birth type (P = 0.011) and age (P = 0.001), but not by other factors or interactions (P >0.05).
Discussion
Supplementation of different probiotic sources did not influence live weight of kids throughout the study (P >0.05). However, kids in the Auto-Kefir group appeared to show a better performance than kids in the other groups. This aspect is worth further investigation. Live weight gains of kids were not affected by the treatments (P >0.05). The highest weight gain of kids in the pre-weaning period occurred in the AutoKefir group (0.142 kg/day), followed by the Control (0.137 kg/day), Kefir (0.132 kg/day) and Probiotic (0.131 kg/day) groups. Live weight gain followed a similar pattern in the post-weaning period. ILW -initial live weight, kg; FLW -final weight gain, kg; LWG -live weight gain, kg; MI -milk intake, kg; MDMI -milk dry matter intake g; MCPI -milk crude protein intake, g CP; MEI -milk energy intake, MJ ME; FIfeed intake, kg; FCPI -feed crude protein intake, g CP; FEI -feed energy intake, MJ ME. In some studies the feeding of probiotics to neonatal calves has been reported to improve weight gain (Abu-Tarboush et al., 1996; Herich et al., 1998) , but not in others (Morill et al., 1995) . Likewise, variable responses to probiotic supplementation in terms of weight gain have been obtained in lambs (Birch et al., The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp South African Journal of Animal Science 2010, 40 (4) © South African Society for Animal Science 368 1994) and kids (Anandan et al., 1999; Ayışığı et al., 2005) . Considering digestive and health benefits, positive effects of probiotic supplementation on performance are expected to be accompanied by improvements in feed intake. Indeed, none of the treatments significantly affected intake parameters in the present study. Changes in the intake capacity of kids for solid feeds can influence growth rate, particularly in the post-weaning period. Adaptation to solid feeds in the post-weaning period can largely be influenced by feed characteristics and herd management as well as milk yield of the dam and milk intake of the kid (Goetsch et al., 2001; Genandoy et al., 2002) . Therefore, the intake of concentrate feed by kids at very low levels in all groups should be considered together with milk intake levels in this study. Intake values determined in the present study are similar to values reported by Ayışığı et al. (2005) . Protein and energy intakes of kids were very close to the protein and energy requirement recommendations of GfE (2003), suggesting that the milk intakes of kids in all the groups were nearly adequate. Increase in solid feed intake stimulates rumen development. It has been indicated that solid feeds in particular concentrates are crucial for the development of the rumen of neonatal ruminants. Based on various reports Baldwin et al. (2004) pointed out that neonatal ruminants fed solely on milk diets, display limited rumen development in terms of rumen weight, capacity and papilla growth during the initial months of life. In this study, late adaptation to concentrate feed and the relation between milk and concentrate feed intake can be explained by a mechanism "reticular groove" proposed by Ørskov et al. (1970) . Ørskov et al. (1970) suggested that direct passage of milk via the reticular groove to the abomasum results in lack of substrates in the rumen for the stimulation of ruminal fermentation and hence rumen development.
Variable performance responses to probiotic supplementations in growing animals have encouraged the investigation of the mechanisms, which determine the efficacy of probiotic use. Yoon & Stern (1995) reviewed the results of studies that focused on the effects of probiotics and concluded that less than 40% of the studies showed positive responses to microbial supplements. A number of factors are involved in the regulation of the efficiency of microbial supplements. Studies have so far focused mainly on age at supplementation (Cruywagen et al., 1996) and environmental factors (Donovan et al., 2002; Krehbiel et al., 2003) . On the other hand, the efficacy of probiotics depends on the adaptation of microbial species to the environmental conditions and their ability to survive and compete with pathogens in the gastrointestinal tract, and is closely related with the dose and microbial composition of the probiotic source. Different results from the studies using commercial or natural probiotic supplements with different doses of lactic acid bacteria and yeast have so far been obtained (Cruywagen et al., 1996; Agarwal et al., 2002; Ayışığı et al., 2005; Timmerman et al., 2005) . The doses of kefir (1.2x10 9 cfu/kg LW) and the commercial probiotic source (2.15x10 5 cfu/kg LW) supplemented to kids in the present study were similar to the doses used in other studies reported in the literature. Krehbiel et al. (2003) suggested that the efficacy of probiotics should be evaluated more in terms of their health benefits rather than performance gains. Faecal consistency has been examined in many studies. Anandan et al. (1999) using a daily prepared natural probiotic "curds" in goat kids, classified diarrhoea incidences based on "level of diarrhoea progression". Diarrhoea incidences progressed for 1 -2 days were classified as mild; for 3 -4 days as moderate and for five days or more as severe in the study. These authors found that kids in the Control group had higher incidences of diarrhoea in all diarrhoea groups than those in groups receiving curd. In the present study, a faecal consistency scoring system (1 = watery; 2 = runny; 3 = soft; 4 = normal) was used to determine the effects of the treatments on diarrhoea incidence. Faecal consistency in all the groups was mainly between 3 and 4 throughout the study. This suggests that kids in all the groups did not have a problem of diarrhoea at a severe level during the entire study except for a fall in faecal consistency scores between 3 -6 weeks of the study. Low proportions of watery and runny faecal samples presented in Table 2 support the statement above. Lack of benefits of probiotic supplements on diarrhoea incidence might be explained by a very low risk of stress factors and pathogens in studies where environmental factors have been controlled (Cruywagen et al., 1996; Donovan et al., 2002; Krehbiel et al., 2003; Ayışığı et al., 2005) .
Conclusions
Kefir may offer a great potential as a probiotic source for investigation in animal production since it is natural, cheap and easy to be produced on the farm. In this study, neither kefir nor autoclaved kefir exhibited
The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp South African Journal of Animal Science 2010, 40 (4) © South African Society for Animal Science 369 any significant effect on growth, nutrient intake and faecal consistency of kids, indicating that under circumstances of good nutrition and management kefir does not improve animal performance. Therefore, new approaches would be required for studying the efficacy of kefir under different conditions in future. In this regard, research on kefir should be carried out on farm level or with animals infected with pathogens. Studies on the influence of changes in digestive physiology and microbiology on the efficacy of kefir supplementation in ruminants are also warranted.
